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TECHNICAL NOTE
Pattern of renal growth and compensatory hypertrophy during
development in rats: A mathematical approach
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Institute of Pathophysiology, Semmelweis University Medical School, Budapest, Hungary
Surgical removal or partial destruction of the kidney is
followed by rapid growth, that is, compensatory hypertrophy of
the remaining renal tissue. Although similar changes in the
kidney mass could be elicited experimentally by other stimuli
(such as folic acid, uranyl nitrate, isoproterenol, and so forth) as
well, it would be useful to restrict the term of "compensatory
hypertrophy" to the growth induced by renal mass reduction. A
series of studies appear to indicate that the compensatory
growth is evoked and maintained by a specific humoral factor(s)
which is present in the plasma as well as in the remaining kidney
of the unilaterally nephrectomized animals [1, 3, 11, 12, 13, 16,
17, 22, 23]. Other findings, however, suggest that in the
initiation and development of compensatory hypertrophy the
lack of inhibitor substance(s), otherwise produced by the nor-
mal renal tissue, might also play a role [2, 14, 18, 201. Several
observations on the characteristics of normal and compensa-
tory renal growth seem to sustain the widely accepted view that
the initiating and regulatory mechanisms involved in physiolog-
ic and stressed renal development are essentially different [6,
15, 19, 21].
It has long been known that the magnitude of renal enlarge-
ment following unilateral nephrectomy is age-dependent, name-
ly the hypertrophic response of the remaining kidney appears to
decline with the age at which unilateral nephrectomy is per-
formed [7—10].
The aim of the present study was to compare the age-
dependent characteristics of normal and hypertrophic renal
growth in rats using a mathematical approach.
Methods. Inbred male albino rats from the CFY strain (Lati,
Hungary) were used. Left unilateral nephrectomy was per-
formed under light ether anesthesia at the ages of 25, 39, 81, and
109 days. Rats were sacrificed 1, 2, 3, 5, 9, and 13 weeks
postnephrectomy, and the wet weight of the remaining kidney
was determined. The kidneys of intact rats of the same age
killed at the same times served as controls. There were no
significant differences between the body weights of control and
uninephrectomized rats compared at the time of sacrifice.
Statistical analysis of data was performed using the 3R
program (Nonlinear Regression) of the BMDP (Biomedical
Computer Programs, California, 1977) adapted to the R-20
Computer of the Semmeiweis University Medical School. The
equation
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f(x) p1e2 + p3
where P1, P2 and p are constants, was fitted to kidney data
either for normal or compensatory growth.
Results and Discussion. Experimental data are illustrated in
Figure 1. Kidney mass as a function of age during the normal
renal growth and renal hypertrophy can be well described by a
sigmoidal curve
x(t) + et (1)
where constants a and X were determined by means of the BMD
program as i/p3 and P2, respectively, and b as P1/p3 from the
equation fitted to kidney data. Thus, the actual renal mass (in
grams) at different ages can be predicted for the normal and for
the hypertrophic renal development by equations 2 and 3,
respectively.
1.495
x(t) 1 + 13.0 e6539 (2)1
where t stands for age (for example, for a 25-day-old rat t
0.25) and to is the age at which unilateral nephrectomy is
performed.
The equation of the sigmoidal curve is a solution of the
Bernoulli equation
x
x=Xx——x2 (4)a
or for the normal and the hypertrophying kidney
and
x, = 6.539x — 4.374x2 (5)
Xh 9.233x — 4.397x2 (6)
where the constants a and X were derived from equations 2 and
3, respectively. x and th indicate growth rate at any given time
when kidney mass is x and Xh, respectively.
I P2 = = 6.539 0.319 and 9.233 1.250; p 0.6689 0.0945 and
0.4744 0.0120
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Xh(t)
2.10
2.10 — x(t0)1 +
x(t0)
(3)
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Fig. 1. Values for kidney mass measured (symbols) and calculated by
equations 2 and 3 during normal (—) and compensatory ( ) renal
growth at different ages in rats. Each symbol represents the mean SD
of five animals. Unilateral nephrectomy was performed in groups 1, 2,
3,4, and Sat the age of 25, 39, 53, 81, and 109 days, respectively.
(2kg) = 9.248(0.7 2Xn) — 4.374(0.7 2Xn)
Xh = 9.233Xh — 4.397(xh)2.
Thus, after unilateral nephrectomy, the remaining kidney grows
up at the same rate as two "small" but normally developing
kidneys; the former has a total mass of 70% of the total normal
mass.
According to current views, renal growth rate is initiated and
maintained by specific renotropic factor(s). Several experimen-
tal findings point to the direction that the renotropic factor is
produced by the kidney from inactive plasma precursors [4, 5,
16, 171. Thus, changes in the renal growth rate during develop-
ment are reflections of changes in the renotropic factor produc-
ing activity of the kidney. Equation I or, equivalently, equation
4 implies that mass growth is limited. Equation 4 suggests that
the growth process is a balanced result of renotropic factor
releasing and release-inhibiting actions [24]. Observations of
Dicker and Morris [41 and Dicker, Morris, and Pearce [5] on a
putative role of renal enzymes such as arginylesteropeptidase in
releasing active renotropic factor from inactive plasma precur-
sors might serve as a physiological basis for the mathematical
relationship revealed by us. This mathematical model appears
to be suitable for describing the renal growth on the basis of a
common mechanism for both the normal development and
compensatory hypertrophy.
Fig. 2. A Relationship between growth rate and kidney mass for the two
normal kidneys of intact ( ) and for the remaining kidney of
uninephrectomized rats (—). B Relationship between growth rate and
square of mass for the hypertrophying and the two normal kidneys.
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